Fluctuations in glutamine synthetase activity were observed when exponentially dividing cells of Schizosaccharomyces pombe were synchronized by continuous-flow centrifugation. These fluctuations were not seen in a control culture in which cells were allowed to grow asynchronously following filtration. However, when an asynchronous control culture was prepared by allowing cells to pass quickly through the continuous-action rotor without size selection, marked fluctuations in glutamine synthetase activity occurred. It is concluded that when the continuous-flow size selection method of cell synchronization is used, suitable control experiments are essential before any conclusions can be drawn about how enzyme synthesis is regulated during the cell cycle.
INTRODUCTION
Synchronously dividing populations of micro-organisms can be established using continuous-flow size selection centrifugation (Lloyd et al., 1975) . The method has apparent advantages over other techniques : factors such as temperature, osmotic pressure and nutrient concentrations remain constant ; synchrony may be established within very short time intervals; and it can be applied to large culture volumes. In cell cycle studies, therefore, the method possesses great appeal, since achievement of synchrony is attained by subjecting cells to minimal chemical or physical disturbance. The method has been used successfully to synchronize budding and fission yeasts, amoeboid and ciliated protozoa, and bacteria (Evans, 1975; Lloyd et al., 1975 Lloyd et al., , 1977 Phillips & Lloyd, 1978) .
We have now applied the method to the fission yeast Schizosaccharomyces pombe, as a tool for studying activity patterns of glutamine synthetase during the cell cycle. The results obtained suggest that, contrary to expectation, this method may subject cells to significant metabolic shock. Short communication Cellnumber determination. Cell number and cell plate index (the percentage of the total cell population in which a complete cell plate is visible) were determined as described previously by Walker & Duffus (1979) .
Synchronization by continuous-flow size selection. Synchronous cultures of S. pombe were established using the following modification of the continuous-flow size selection method first described by Lloyd et al. (1975) . Batch cultures (8 1) of S. pombe in EMM2 were propagated aerobically using vigorous magnetic stirring. Exponentially dividing cells were siphoned at a set flow rate (monitored by a rotameter) into the chamber of a continuous-action rotor (MSE) operating at constant revolution in the bowl of an MSEl8 centrifuge. Overflow effluent was retained and allowed to propagate with stirring. All operations were carried out at 30 "C. Centrifuging conditions are described in the legend to Fig. 1 .
Preparation and assay of glutamine synthetase (EC 6.3.1 .2). Cell-free extracts (crude enzyme preparation) were prepared from 500 ml culture harvested by Millipore membrane (1.2 pm pore size) filtration. The cells were washed once on the filter with glass-distilled water, immediately frozen in an ethanol cold bath at -45 "C, and thereafter stored at -18 "C. After 1 d, the cells were thawed at room temperature, resuspended in 2 ml imidazole hydrochloride buffer (0.1 M, pH 7-1), and homogenized by a single passage through an Eaton press (Eaton, 1962) previously cooled to -45 "C. The cell-free extract was finally thawed at room temperature and debris was removed by centrifuging at 3000 g for 20 min. In a modification of the method of Shapiro & Stadtman (1970) , the supernatant was assayed immediately for glutamine amidotransferase activity in a freshly prepared mixture containing 60 mwglutamine, 6 m-MnCl,, 0.8 mM-ADP, 40 mMpotassium arsenate and 60 mM-hydroxylamine, all in 0.1 M-imidazole hydrochloride buffer (pH 6.5). This mixture (0.05 ml) and 0.05 ml cell-free extract (final volume 0.1 ml) were incubated at 30 "C for 15 min, and the reaction was terminated by adding 2.0 ml of a ferric chloride/trichloroacetic acid reagent. The mixture was centrifuged at 3000 g for 20 min before the AS4,, of the supernatant was measured against a reagent blank. Enzyme activity was expressed as nmol y-glutamyl hydroxamate formed min-l (lo6 cells)-'.
R E S U L T S A N D D I S C U S S I O N
When an exponentially growing culture of S. pombe was passed through a continuousaction rotor, the synchrony achieved was not complete (Fig. 1 a) . The maximum cell plate index was relatively low, and we have been unable to attain the degree of synchrony described by Lloyd et al. (1975) and Poole (1977) . This may have been due to a number of factors including the exact culture conditions and strain differences. However, even these partially synchronized cultures showed distinct fluctuations in glutamine synthetase activity over the 5 h period investigated (Fig. la) . The size of the fluctuations was very significant, as the peak enzyme activity recorded was up to six times greater than the lowest levels found. The first peak in enzyme activity corresponded well with the time of first cell division. However, although the period between peaks of enzyme activity was approximately the same as that of the cell division cycle, the data in Fig. 1 (a) suggest that the two events may not be rigorously connected because the second and third peaks of enzyme activity seemed to occur before the corresponding peaks in cell plate index.
When the flow rate of culture through the rotor was increased so that only a relatively small proportion of the cells was retained in the rotor chamber, all division in the effluent continued in an asynchronous fashion (Fig. 1 b) . However, pronounced changes in glutamine synthetase activity were detected in these cells during the first 2 h of culture. A large peak in enzyme activity occurred after about 90 min at exactly the same time as the first peak in enzyme activity in the partially synchronized cultures (Fig. 1 a) . In a second type of control experiment, exponentially growing cells of S. pombe were removed from the culture medium by filtration and re-inoculated into fresh medium. In this case the cells continued to grow asynchronously in the new medium and, furthermore, there was no significant fluctuation in glutamine synthetase activity during the 2 h period investigated.
Fluctuations in the glutamine synthetase activity during the cell cycle of Kluyveromyces fragilis (Duffus et al., 1974) and Candida utilis (Folkes et al., 1973) have been reported, but in both cases the cells were synchronized by techniques which could well have caused distinct metabolic changes other than those associated with synchronous division. We had hoped to use the selection centrifugation technique to continue these studies in cultures relatively undisturbed metabolically. However, our results clearly indicate that passage through a continuous-action rotor can produce distinct fluctuations in the glutamine synthetase activity of the effluent cells as they subsequently grow without any synchrony having been established. It is impossible to say whether the more long-lived enzyme fluctuations occurring in synchronized cultures are due to the synchronization itself, or simply to the increased centrifugation necessary to produce synchrony.
These results underline the necessity for appropriate control experiments, even with synchronization techniques which appear to involve very little disturbance of the cells (Mitchison, 1977) .
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